Aneurysms involving the region of the foramen magnum and the lower clivus include saccular, fusiform, and dissecting lesions of the VA; VBJ aneurysms; and proximal PICA aneurysms. Lesions in this area comprise up to 3% of intracranial aneurysms. 23 Different approaches can be used to treat these lesions surgically, depending on their anatomical location and morphology. Traditionally, a paramedian suboccipital craniotomy was used.
CLINICAL MATERIAL AND METHODS
We reviewed our experience with vascular lesions involving the VA and VBJ region in 10 patients. Based on this review, and guided by our experience with more than 50 others, neoplastic lesions involving the anterior lower third of the posterior fossa region, we describe a strategy that will help guide the extent of the approach needed, based on the anatomical details of the lesion.
Intraoperative Neurophysiological Monitoring
Intraoperative neurophysiological monitoring is routinely done in all patients and includes the use of somatosensory evoked potentials and brainstem auditory evoked potentials recorded bilaterally. The seventh, 10th, 11th, and 12th cranial nerves are monitored using electromyography, either unilaterally or bilaterally as needed.
Side of the Approach
Aneurysms involving the VA are approached from the ipsilateral side. For aneurysms involving the VBJ, the approach and its extent are chosen based on several factors, including the location, size, and projection of the aneurysm; the presence or absence of subarachnoid hemorrhage; and the size and shape of the VA as well as the location and size of the sigmoid sinus and the jugular bulbs in some patients. For example, when dealing with a large, ruptured aneurysm it is best to plan the approach so that the dome is projecting away from the surgeon's view, to have direct access to the base of the lesion. On the other hand, when dealing with a small, unruptured aneurysm it may be easier to apply the clip with the fundus of the lesion in the surgeon's view. To achieve proximal control, it is preferable to approach the aneurysm from the side of a dominant VA. If the VAs are equal in size and symmetrical in location, the side of the nondominant jugular bulb may become a factor in deciding the side of the approach.
Patient Positioning
The positioning of the patient depends on several important factors, such as the planned approach, the lesion's properties, and the individual patient's characteristics. Elements of these factors include the location of the planned incision and craniotomy, the weight and height of the patient, and the length, thickness, and mobility of the patient's neck. In patients of average, normal weight who have a rather long neck and in whom a paramedian incision is planned, we use the prone position with a slight rotation of the neck toward the ipsilateral side. In patients who are obese and/or have a short, thick neck, we prefer the sitting position. This will help achieve better brain relaxation with the improved ventilation and venous drainage.
If the far-lateral approach is to be used, the patient is placed in the semilateral position, 45˚ from horizontal. The head is kept in a neutral position to maintain the normal anatomical course of the VA. The shoulder is pulled and taped downward to avoid obstructing the access to the operating field. We use a slightly curved vertical incision 4 cm behind the mastoid bone and extending from the superior nuchal line down to the anterior border of the sternocleidomastoid muscle at the level of C-4, with anterior reflection of the skin flap. The most superficial layer of muscles is formed by the sternocleidomastoid and splenius capitis muscles. The muscles of the superficial layer are detached together from their occipital insertions and retracted inferiorly and anteriorly. In this manner the distance to the craniocervical junction is shortest compared with linear incisions, and the lateral access is not hindered by the retracted muscles, allowing surgery to be performed from a shorter distance with shorter instruments and with improved dexterity. On the other hand, this thick and wellvascularized flap can easily be reattached in closing, minimizing the risk of cerebrospinal fluid leaks.
If a bypass procedure is part of the plan, the occipital artery is preserved by dissecting the muscles layer by layer. The transverse process of the atlas is palpated and exposed approximately 1 cm below the tip of the mastoid and through the suboccipital triangle, which is formed medially by the rectus capitis posterior major muscle, superolaterally by the superior oblique, and inferolaterally by the inferior oblique muscle. It is in this triangle where the horizontal segment of the VA usually runs, within a groove on the lamina of the atlas. After exposing the suboccipital triangle, the complex venous compartment around the VA complex (the suboccipital cavernous sinus) can be visualized. 1, 5, 25 Dissection of the region of the suboccipital cavernous sinus can cause an intimidating, brisk venous bleeding, which nowadays can easily be managed by injecting 1 ml of Tisseal through a small window, leading to a dramatic decrease in the venous oozing. This allows the dissection of the VA to proceed without the previously encountered difficulty. The VA complex can then be skeletonized extradurally, under full visualization, and mobilized if needed. The C-1 and C-2 roots are then identified. The ventral ramus of the C-2 root crosses over the vertical segment of the VA between the atlas and the axis and should be preserved. The root of C-1 can be sectioned for better exposure, especially when the VA is mobilized. The dural entry of the VA is then identified by using its muscular branch as a landmark, as the branch runs medially, just before the VA pierces the dura mater.
Craniotomy Procedures
The three variations of the craniotomy are as follows, and are chosen according to different segments of the VA (Figs.  1 and 2) . 1) For a distally located PICA aneurysm, and/or lesions involving the middle third segment of the VA, the craniotomy is the one used with the standard paramedian suboccipital approach. The craniotomy extends from the midline, incorporating the posterolateral aspect of the foramen magnum and with its inferior extension flush with the skull base region (Figs. 2 and 3) . 2) For a PICA aneurysm arising from the proximal one third segment of the VA (Figs. 2 and 3 , Video 1), the aforementioned craniotomy is further extended inferiorly. On the lateral aspect of this extension, the superomedial part of the condyle is drilled and removed, until satisfactory visualization of the VA proximal to the aneurysm base is achieved. The view may be further enhanced by removing the ipsilateral half of the arch of C-1, which enables a view through the operating microscope from a medial-to-lateral direction. 3) When the far-lateral approach is needed, as when dealing with aneurysms of the VBJ region, the suboccipital craniotomy is extended from the midline medially to the sigmoidal sinus laterally, incorporating the foramen magnum (Figs. 2 and 3, Video 2) . The mastoid is opened to skeletonize the sigmoidal sinus fully down to its junction with the jugular bulb, so that these structures can be partially mobilized to gain more exposure laterally. When exposing and drilling part of the condyle, an important landmark for orientation is the exit site of the condylar vein from the posterior condylar canal. 18 This vein, which can be a source of profound bleeding, should be coagulated and cut. The occipital condyle is situated below
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Technical strategies to approach aneurysms of the VA and PICA and the jugular tubercle is above the condylar canal. The jugular tubercle may sometimes be removed to enhance the view anterior to the lower cranial nerves.
Intradural Step
After opening the dura mater, it is important to take ample time to identify the different neurovascular structures and to understand both the normal and the diseased anatomy. A good knowledge of the anatomical variations is an important contributor to the safety of any operation. 9, 12, [15] [16] [17] For example, care should be taken to identify the posterior spinal artery, which can originate from the VA extradurally. 8, 26 After opening the dura mater, cerebrospinal fluid is drained from the cisterna magna to relax the brain. In the region of the proximal segment of the VA, cutting the dentate ligament can help mobilize the artery, allowing the base of the aneurysm to be better visualized from more than one direction. Extra care is needed when handling the lower cranial nerves, to prevent postoperative swallowing difficulties. In the majority of lesions, the nerves are preserved and there is no need to cut any of the branches. No matter how small and flimsy those branches look, as important as their functions are, they should always be handled with care and preserved. Many times they may be mistaken for arachnoid or fibrous bands. To avoid such mistakes, it is important to familiarize oneself with the normal anatomy by studying cadavers.
After dissecting the base of the aneurysm, a decision is made regarding the clip application process. It is important to visualize both the proximal and distal aspects of the VA, especially if the vessels on both sides are similar in size. We recommend applying a temporary clip before permanent clip placement for ruptured aneurysms. Occasionally one proximal clip is enough if the ipsilateral VA is dominant. This is supplemented with bipolar coagulation to obliterate the bleeding spot, and an attempt can be made to convert the case to an elective-like, nonruptured aneurysm operation. The surgeon can then relax and take as much time as necessary to apply the clip perfectly.
When dealing with VBJ aneurysms, the contralateral VA should be visualized for good proximal control to be achieved.
CONCLUSIONS
The extent of the lateral suboccipital approach should be tailored to the specific anatomical location and morphological configuration of vascular lesions involving the VA or PICA, while also taking into consideration the possible presence of subarachnoid hemorrhage. With an appropriate surgical strategy, visualization of the lesion can be improved, making the microsurgical treatment safer and thus leading to better surgical results.
